Introduction.?The three basophilic conditions of the erythrocyte, polychromasia, punctate basophilia and reticulation, have been recognised for nearly fifty years, and for the past twenty years practically every fact of importance regarding the morphology and significance of such cells and their relationship to one another has been well known to hrematologists. It is therefore surprising that the importance of the information derived from vital staining of the blood corpuscles should not have been appreciated, and that the reticulocyte percentage count should rarely have been made as a routine procedure. Even as late as 1926 Dameshek states, in an excellent paper dealing with the clinical application of the method, that the reticulocyte count for many years had not been regularly carried out in any of the clinical laboratories in America.
The experimental observations of Whipple and Robschcit-Robbins proving the value of liver feeding in the treatment of hremorrhagic anaemias in dogs, and the clinical application of the principle by Minot and Murphy to cases of pernicious anaemia, brought the subject once more into great prominence. Minot and Murphy clearly demonstrated the fact that the reticulocyte percentage count was both the simplest and the most accurate method of estimating the response to treatment.
During the past three years vital staining methods have been applied whenever liver therapy has been used, and vol. xxxvii. no. vii. innumerable papers have appeared on the subject, including two by the author in collaboration with Professor Gulland and Dr J. G. McCrie. While the technique of vital staining is now well known, and the value of the reticulocyte count is appreciated in a case of pernicious anaemia receiving liver treatment, the medical profession as a whole have been slow to recognise the equal value of this information in regard to the diagnosis, prognosis and treatment of a great variety of pathological conditions, medical and surgical. It is with the object of making vital staining a routine clinical procedure that the author has written this paper.
Vital staining may be defined as the process of staining the elements of the body in the living state. The essential point in this definition is the term " living state," since similar results cannot be obtained with dead cells or tissues.
If the essential element on which cellular life depends is the nucleus, then erythrocytes cannot be placed among the cells which can be vitally stained. On the other hand staining the erythrocyte in the fresh state without previous or concomitant fixation reveals the presence of a substance within the cell which cannot be seen in preparations stained by the ordinary methods, e.g. Jenner or Leishman. Accordingly if the term vital staining is to be used when dealing with the erythrocyte, a special definition is required, and the following is suggested?vital staining of the erythrocyte may be defined as staining in the fresh state before any previous or concomitant fixation has taken place. Vital Staining Methods.?A great variety of dyes and a large choice of methods are available for the purpose of vital staining. For the experimental investigation of the basophilic substance of the erythrocyte I have used such dyes as cresyl blue, azur I., azur II., Janus green B, neutral red, methyl green, methyl violet, methylene blue, etc. Moreover, several alternate methods of applying the dyes and the effects of physical and chemical agents on their staining properties have been studied.
The information derived from this investigation will appear shortly as a separate paper.
For routine purposes it is only necessary to know the staining properties of one dye, and the one which I recommend after a personal experience of thousands of vitally stained blood films from experimental anaemias in animals and pathological 386 states in man is brilliant cresyl blue. Most consistent and excellent results are obtained if the technique is properly carried out as described below.
The Dry Slide Method?(a) Temporary Fluid Preparations.? Different workers recommend different strengths of the dye, but from persona] experience I can state that 0-3 per cent, solution of brilliant cresyl blue in absolute alcohol is entirely satisfactory. A drop of the dye is spread evenly over part of a clean glass slide, and the spirit allowed to evaporate; even drying is much facilitated by previously warming the slide. The thin film of dry dye is then polished by gently rubbing the slide, face downwards, on smooth paper. By means of another slide a film of blood is spread in the ordinary way over the prepared part. A clean cover-slip is then immediately placed on the most suitable part of the film, and gently pressed down to ensure contact with the blood. So rapidly does the cresyl blue stain the reticular material that a reasonably accurate reticulocyte count can be made immediately after the technique just described has been carried out. It is advisable, however, to wait a few minutes, since the maximum staining effect is only produced if time is allowed for the complete penetration and action of the dye. The preparation keeps fluid for some hours, but if it is desired to keep it for a longer period, sealing the edges of the cover-slip with paraffin enables a reticulocyte count to be made on the following day. In the preparation the reticulocytes are visible as cells containing networks, granules or dots of blue staining material. Several hundred red cells are counted, and the number of reticulocytes seen during the process noted. The insertion of a suitable stop in the eyepiece facilitates counting. An oilimmersion lens is desirable, as slight degrees of " reticulation " are otherwise apt to escape notice. It is worth noting here that the platelets and the granules in leucocytes take up the dye. A source of error in making a percentage count which must be borne in mind is that even distribution of the reticulocytes is not always obtained owing to the tendency of such cells to adhere to each other, to leucocytes, or particles of extraneous matter, and hence to occur in clumps. The error is, however, greatly reduced if the number of reticulocytes present in widely distributed fields is counted.
(b) Permanent Preparations can be made as follows:?A cover-slip is charged with the dye and polished, as described 387 above in the case of slides. A drop of blood is taken on a second clean cover-slip, which is then placed face downwards on the first, and the blood allowed to spread out between the two.
After an interval of 30 to 60 seconds the cover-slips are drawn apart and the films allowed to dry. Even more satisfactory results are obtained by drawing the cover-slip off the slide containing the temporary fluid preparation and allowing it to dry. Films can then be counterstained with any of the usual blood stains, such as Jenner or Leishman, and mounted in the ordinary way.
It must be admitted that any permanent method is less accurate than the temporary fluid method already described, since some of the vitally stained material is decolorised or obscured by the subsequent procedures. This advantage is, however, more than counterbalanced by the convenience of being able to study the preparation at leisure, and the fact that it can be kept for years. All degrees of reticulation except the very finest can be seen, while the red and white cell picture is quite as good as that produced by the usual non-vital staining methods.
The Appearance of the Reticulocyte.?When a vitally stained blood film from an anaemic animal or human being is examined, certain erythrocytes are seen to contain a variable amount of blue staining material?sometimes in the form of a definite network, sometimes in the form of scattered rods, dots or granules. It was because of this network appearance that Wright first named these cells reticulocytes.
For further information regarding the morphology, measurement, physical properties and the nature of the reticular material the reader is referred to the author's previous publications, and to one which is appearing shortly elsewhere.
The Significance of Polychromasia, Punctate Basophilia and Reticulation.
The recognition of the basophilic conditions is of great practical importance, because it can be definitely stated that their presence is direct evidence of bone-marrow activity, and is a sign of its ability to respond to stimuli physiological or therapeutic. Accordingly the view held by many of the earlier workers that the basophilic corpuscles were degenerating 388 cells can receive no support to-day. The facts on which this statement is based may be summarised as follows:?
(1) Basophilic erythrocytes, nucleated and non-nucleated, are present in normal bone marrow.
(2) The blood of the healthy foetus contains large numbers of such cells.
(3) Haemorrhage in normal individuals is followed by a shower of basophilic cells in the circulation. At the same time their number is increased in the regenerating bone marrow.
(4) In anaemic individuals the number of basophilic cells is proportional to the degree of bone-marrow activity. Thus in the remission stage of pernicious anaemia many basophilic erythrocytes are present, whereas in the relapse stage their numbers are very small.
(5) In conditions where the bone marrow is exhausted and unable to respond, e.g. aplastic anaemic, basophilic corpuscles are practically absent from the circulating blood.
Haemorrhage in such cases produces little or no bone-marrow response.
(6) Robertson (1917) , by transfusing normal rabbits (10 c.c. of whole blood daily for 10 to 20 days), was able to increase the haemoglobin level from 80-90 to 140-150 per cent. The reticulated cells in the circulating blood fell from 10 to 20 per 1000 erythrocytes in the normal animal to about 1 per 1000 in the transfused animal. In the bone marrow they fell from 320 per 1000 to 14 per 1000 erythrocytes.
This experiment shows that transfusion lowered the bone-marrow activity, as judged by the fall in the number of circulating reticulocytes.
It may be concluded, therefore, that the three basophilic conditions, polychromasia, punctate basophilia and reticulation, are direct evidence of bone-marrow activity. While all three phenomena arc closely allied, since they represent different aspects of the same substance, i.e. the basophilic material of young erythrocytes, punctate basophilia is an aspect seen only in pathological states?it is an indication of pathological alteration as well as mere youth. I have demonstrated, in the blood of cases of severe lead poisoning, a close relationship vol. xxxvii. no. vii. 389 2 c 2 between the numbers of reticulocytes present in a vitally stained preparation and stippled cells in a film stained with Leishman, i.e. punctate basophilia. In these cases, since nearly every young cell is damaged, the two conditions are practically identical.
In pernicious anaemias, however, we may find i per cent, of erythrocytes showing punctate basophilia and 9 per cent, showing reticulation. From this I would suggest that 9 per cent, of the cells were healthy young erythrocytes, while i per cent, were pathological immature corpuscles.
It might be asked, If polychromasia and reticulation are the same thing, what advantage is there in making vitally stained preparations? The answer to this question is that even when the most suitable of the ordinary staining methods are employed, it is far from easy to demonstrate the minor degrees of polychromasia, whereas with vital staining, the essence of which is the condensation of the diffuse material into particles, a percentage reticulocyte count can easily be made.
It is obvious, therefore, that the presence of reticulocytes is in no way characteristic of any individual pathological condition, but is merely evidence of blood regeneration. In simple secondary anaemias following haemorrhage (e.g. menorrhagia and haematemesis) the percentage may rise as high as 35, depending on the amount of blood lost and on the functional efficiency of the bone marrow. In acholuric jaundice, a disease associated with a large and continuous blood destruction, the response of the bone marrow is evidenced by the percentage reticulocyte count being from 15 to 60 over long periods. In all other conditions associated with anaemia (e.g. malaria, cancer, gastric ulcer, etc.) reticulation will be found in proportion to the degree of anaemia and the ability of the bone marrow to respond.
In pernicious anaemia the subject is of special practical importance in that a rapid increase in the numbers of reticulocytes in the circulating blood is direct evidence of the efficacy of the therapeutic agent used, and is a valuable guide to prognosis.
Vital staining is therefore a valuable procedure, since it gives us :?
(1) Evidence of the potency of the therapeutic agent employed, e.g. liver extract.
(2) Information as to the ability of the bone marrow to respond to stimulation.
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(3) Prognostic data of great importance, since the rate or degree of recovery is proportional to the reticulocyte response. We are able to assure the patient of his recovery at a much earlier date than would be possible without this information.
(4) Valuable of such cells are present at birth. Within a day or two the number of reticulocytes has decreased to 1-2 per cent., and within two or three weeks the healthy infant's blood may be said to be indistinguishable from the adult's. The number of reticulocytes in a normal adult is stated to be between 01 and i-o per cent.
In my opinion the lower figure is more nearly correct, but 05 per cent, may be taken as an average figure.
Laboratory Animals.? In the dog, cat and monkey the reticulocyte percentage count is similar to man and may be placed about 1 per cent. In the rabbit and guinea-pig it is somewhat higher?about 2 to 3 per cent. In the mouse it is considerably greater?about 5 to 6 per cent. It may therefore be concluded that the smaller the animal the more active is the bone marrow, and such has been found to be the case, as judged by the rapidity of recovery from experimental haemorrhage. This can be considered to be a provision of nature for the benefit of small animals, since an accident to a mouse involving the loss of a cubic centimetre or so of blood would be fatal, whereas in the rabbit it would be of no serious consequence. 39i I Reticulocyte Count in Pathological States?Pernicious Ancemia.?I have already stated that the reticulocyte count came into prominence once more because Minot and Murphy clearly showed that it was the best means of assessing the value ofliver in the treatment of pernicious anaemia. So much has been written on this aspect of the subject that only a few points need be considered here. For a full description of the value of the reticulocyte count in pernicious anaemia the reader is referred to the previously published work of the author .
In severe cases with an oligocythemia of 1 million red cells or less the percentage of reticulocytes is usually low, 0-5 to 2-0 per cent.
The lower the reticulocyte count the greater is the deficiency of the anti-anemic blood-maturing factor, which is found in the greatest concentration in the liver.
If this gross deficiency has existed for a considerable period the bone marrow becomes exhausted to a greater or less degree and a condition of complete or partial aplasia occurs.
Accordingly a real difficulty is present in the differential diagnosis of pernicious anaemia from aplastic anaemia in a 392 FlG. i.?Blood film (fresh specimen), vitally stained, from a case of gastric ulcer in which a severe haematemesis had occurred thirtysix hours previously. Note : (i) The small size of the mature red blood corpuscles, due to the previous secondary anaemia.
(2) The large size of the reticulocytes, whose mean diameter is nearly 9 /*. (3) During the process of maturation there occurs a reduction in size and in amount of reticular material, x iooo.
From "Pernicious Anccmia," by Davidson anil Gullaiul (Henry Kimpton). (2) The large size of the reticulocytes, whose mean diameter is nearly 9
(3) During the process of maturation there occurs a reduction in size and in amount of reticular material, x 1000.
From " Pernicious Ancemia," by Davidson anil Gulland (Henry Kimpton). FlG. 2.?Blood film (fresh specimen), vitally stained, from a rabbit from which 50 c.c. of blood had been removed by heart puncture twenty-four hours previously. Note: Reticulocytes are larger than the mature red blood corpuscles, x 1000. FlG. 3.?Blood film (permanent preparation), vitally stained, from a case of pernicious anaemia in the stage of relapse. Note : Large reticulated megalocytes whose mean diameter is between 11 /x and 13 /x. x 1000.
FlG. 4.?Blood film (permanent preparation), vitally stained, showing reticulocyte "crisis" following treatment with liver extract.
Note : Various sizes and degrees of reticulation in the cells, x icoo.
From "Pernicious Ancemia," by Davidson and Gulland (Henry Kimptori).
FlG. 2.?Blood film (fresh specimen), vitally stained, from a rabbit from which 50 c.c. of blood had been removed by heart puncture twenty-four hours previously. Note: Reticulocytes are larger than the mature red blood corpuscles, x 1000.
FlG. 3.?Blood film (permanent preparation), vitally stained, from a case of pernicious anaemia in the stage of relapse. Note : Large reticulated megalocytes whose mean diameter is between n n and 13 n. x 1000.
Note : Various sizes and degrees of reticulation in the cells, x I coo.
From "Pernicious A uremia," by Davidson and Gulland (Henry Kimpton).
proportion of cases. In both diseases there is a severe oligocythemia, thrombocytopenia and leucopoenia. In the majority of cases of pernicious anaemia the blood picture presents evidences of regeneration which help to distinguish the condition from aplastic anaemia, namely nucleated red cells, reticulocytosis, poikilocytosis and anisocytosis. Professor Gulland and I have calculated that in about 10 per cent, of cases of pernicious anaemia some degree of bone-marrow aplasia exists, as judged by the small degree of anisocytosis, severe leucopcenia and a reticulocyte count of under I per cent. Such cases cannot definitely be diagnosed from aplastic anaemia until liver therapy (and blood transfusion as well in some severe cases) has been tried. It is essential, therefore, in all cases of pernicious anaemia receiving liver diet, to make a daily reticulocyte percentage count until the reticulocyte crisis has been noted. This generally takes place in about a week's tlrnc, and the number of reticulocytes may constitute from 393 Fig. 5 .?Graph illustrating the effect of liver therapy in a case of pernicious anaemia. Note the increased rate of blood formation following the extraction of septic teeth.
From "Pernicious Ancemia," by Davidson and Gulland (Henry Kimpton).
Fig. 5.?
Graph illustrating the effect of liver therapy in a case of pernicious anaemia. Note the increased rate of blood formation following the extraction of septic teeth.
From " Vcrnicious Anaemia," by Davidson and Gulland (Henry Kimpton). 5 to 50 per cent, of the total red cells, depending 011 three factors: (1) the potency and the amount of the therapeutic agent ingested, i.e. liver or liver extract; (2) the ability of the bone marrow to respond ; (3) the degree of oligocythemia present. The reticulocyte percentage will be found to be inversely proportional to the red cell count at the time treatment was started.
If the initial total count is about 1 million, the reticulocyte percentage should reach at least 15 or 20, whereas in cases with a blood count of 3 million or over the numbers of reticulocytes coming into the circulation will be small, i.e. 2 or 3 per cent. The entry into the circulation of a large number of reticulocytes is often described as the " reticulocyte crisis." When the peak has been reached, a rapid fall in numbers occurs and the reticulocyte percentage count reaches normal figures in a few days. Concomitantly there occurs a rapid rise in the number of circulating erythrocytes. The rate of recovery, and to some extent the prognosis, which is intimately related to the functional state of the bone marrow, depend on the degree of the reticulocyte response?the larger the response the more rapid the clinical improvement. In a few cases no marked reticulocyte crisis occurs, the reticulocyte count never being higher than 5 or 6 per cent., but remaining about that level for two or three weeks.
Such cases respond steadily to liver therapy, although improvement occurs at a slower rate and the blood count ultimately reaches normal figures.
If after a thorough trial of liver therapy and blood transfusion no reticulocyte response is elicited, the condition may fairly be regarded as the aplastic stage of pernicious anaemia. A word of warning is therefore necessary against making any premature statements in regard to prognosis to the patient or relatives before the reticulocyte crisis has been produced.
For the evaluation of the potency of liver preparations the reticulocyte count still remains the best method. The importance of some standard test for potency needs no emphasising, but at present no method exists, so far as I am aware, of making this estimation except by watching the therapeutic effect of the preparation on a case of pernicious anemia. After a long series of experiments on hemorrhagic anemias in animals I have come to the conclusion that no reliable information can be obtained by the reticulocyte count ' from such sources.
In animals it is impossible to produce the 394 disease pernicious anaemia, but merely a state of anaemia. No matter how severe the experimental anaemia may be, the blood-maturing factor is always present in sufficient amounts in the animals' own livers to produce a well-marked reticulocyte response without the assistance of liver therapy. Aplastic Ancemia.?The diagnosis of this fatal condition depends on the blood count and blood picture, as elicited by ordinary and vital staining. The essential features are severe thrombocytopcenia, leucopcenia and the absence of signs of regeneration, as already described. Before giving up all hope it is advisable to institute the most vigorous anti-anaemic treatment by a combination of repeated blood transfusions and large amounts of liver extract, as is well exemplified by cases recently reported by Goodall and Calder (1929) . Acholuric Jaundice.? In no other disease is such a high reticulocyte count found to occur over long periods. In cases of pernicious anaemia counts of 20 to 50 per cent, are obtained for a short time after the institution of liver therapy, but the reticulocyte crisis rapidly disappears and the figures fall to normal values in a few days, with a concomitant haematological and clinical improvement in the condition of the patient. In acholuric jaundice the reticulocyte count may run from 10 to 60 per cent, for weeks or months on end, with no change in the blood count and no clinical improvement in the patient. This fact illustrates the essential difference between the two diseases. In acholuric jaundice the pathognomonic feature is a great haemolysis of red cells resulting from their increased fragility, for which the bone marrow is attempting to compensate by greatly increased activity. In pernicious anaemia the bone Harrow is primarily at fault, being unable to produce normal blood cells owing to a lack of the specific anti-anaemic bloodmaturing factor contained in liver. Haemolysis is of secondary importance, and rapidly ceases on the specific factor being applied to the bone marrow. Vital staining methods therefore enable a diagnosis of acholuric jaundice to be made, as in n? other condition, with the exception of a type of acute Hodgkin's disease, referred to later, is a high percentage of reticulocytes found day after day in the circulating blood, with n? increase in the total red count. A high percentage of reticulocytes enables a definite statement to be made that <l tumour in the left upper quadrant of the abdomen must be ^e spleen. The co-existence of enlarged spleen, reticulocytosis, 395 and a moderate degree of anaemia is almost pathognomonic of acholuric jaundice. In the vague group of diseases labelled splenic anaemia, an enlarged spleen, leucopcenia, and normal or only slightly increased reticulocyte count is found. In patients with severe anaemia about to undergo splenectomy, the presence of a low reticulocyte count indicates the necessity for transfusion of blood before and during the operation. To my knowledge this has undoubtedly saved the lives of several patients. Secojidary Ancemias.?Before considering the value of vital staining methods in such conditions, I propose to draw attention to certain fundamental differences between primary and secondary anaemias which are not sufficiently realised.
The bone marrow in the latter condition may be hyperplastic and fill up the medullary cavity in a similar way to that found in pernicious anaemia, but the hyperplasia is normoblastic and not megaloblastic and accordingly a different response to liver treatment would be expected, and such is found to be the case in practice. Again, the haemorrhagic anaemias of dogs, while comparable to the simple anaemias in man resulting from massive blood loss due to rupture of blood vessels in accidents, etc., are very different from the complicated anaemias secondary to renal disease, cancer, tuberculosis, etc.
Pathologists classify anaemias into delightfully simple compartments, namely those due to actual blood loss and those resulting from deficient production in the bone marrow. In the first category are placed the secondary anaemias found in such conditions as acute nephritis, haemoptysis and leaking ulcers, simple and malignant, of the alimentary tract. In the great majority of such cases the blood loss is infinitesimal and microscopic, often requiring occult blood tests for its demonstration, and yet the patient may be extremely anaemic. I am perfectly satisfied that the anaemia has little to do with actual blood loss, but is the result of deficient erythropoiesis from toxaemia, cachexia or malnutrition. Treatment of such anaemias by any method is productive of poor results until the causal condition is removed.
Vital staining gives us valuable information, therefore, in regard to the type of secondary anaemia prevailing. Where blood is lost and the bone marrow is healthy, compensating erythropoietic response always occurs, and its degree is in proportion to the size of the haemorrhage. This is evidenced by a flooding of the circulation with reticulocytes in from 396 An index of bone marrow activity is therefore available for all who care to make themselves proficient in vital staining methods. Whether blood transfusion should or should not be given will depend largely on this information. A severe secondary anaemia with a low reticulocyte count which fails to respond to liver therapy is indicative of serious organic disease which has existed for a long time and which has produced a considerable degree of aplasia of the bone marrow. The causal condition must be vigorously attacked and the combination of liver therapy and blood transfusion be given a trial. When a severe internal haemorrhage occurs in the alimentary tract, the reticulocyte count may be of value in distinguishing simple from malignant ulceration. In the latter condition the bone marrow is usually more severely damaged than in the former, and the reticulocyte response is generally very poor. While the effect of liver therapy in anaemias secondary to serious organic disease is usually disappointing, in some cases remarkable results are Produced. I have seen several cases of cancer of the stomach, with large metastases in the liver, respond to liver therapy, with a well-marked reticulocyte rise. As already indicated, the majority of cases fail to react at all. Similarly, while most ?f the severe anaemias resulting from long-continued nephritis are scarcely influenced by any form of anti-anaemia treatment, a few cases do well. One case I treated was so remarkable as to warrant individual mention.
The patient, a young Woman, was practically moribund as a result of chronic interstitial nephritis. The non-protein nitrogen was 250 mgrms. Per cent, and the blood count just over 1 million red cells.
Liver extract produced a 15 per cent, reticulocyte crisis and a marked improvement in the blood picture. The kidney disease was, of course, not benefited and the patient died a w days later. The only explanation I can offer why certain Cases of secondary anaemia respond to liver therapy, while the ^jority fail to do so, is that perhaps in the former the liver ls so seriously damaged by metastatic growths or by toxic Jauses that it is unable to manufacture or store the specific a?tor necessary for normal blood formation. The addition of j^is factor to the diet in the form of liver extract produces a ?ne-marrow reaction. In the majority of cases of severe anaemia secondary to ?rSanic disease the blood-maturing factor may be present in 397 sufficient amounts but the bone marrow does not respond because of exhaustion from prolonged toxic or debilitating causes.
We may summarise what has been written by stating that liver therapy is not so valuable in secondary anaemias as in pernicious anaemia. A low reticulocyte count in the presence of a severe degree of oligocythemia, particularly if no increase of circulating reticulocytes occurs after liver therapy, is a very serious prognostic sign and is indicative of a considerable degree of bone-marrow damage.
Anczmias of Pregnajicy.?Two types of anaemia occur during pregnancy or in the puerperium. There is a primary anaemia often called the pernicious anaemia of pregnancy and a secondary anaemia resulting from various causes. The primary anaemia need not be discussed, since all that has been said in the paragraph on pernicious anaemia is equally applicable to this rare condition. Secondary anaemia occurs in pregnancy principally from three causes:? (i) Actual blood loss.
(2) Sepsis.
(3) Toxaemia.
The essential facts relating to these three types have been discussed in the section on secondary anaemias. The information derived from vital staining is as valuable to the obstetrician as to the physician. Purpura Hemorrhagica.?The term includes a group of diseases characterised by extravasations of blood into the skin and by haemorrhages from the mucous membranes.
The aetiology of this group of diseases is still unsettled, but widely different causes undoubtedly exist. Valuable prognostic information is obtained by vital staining methods. If a definite increase of reticulocytes is found to occur after a severe purpuric bleeding, the prognosis is good, for it clearly shows that the bone marrow is reacting to the stimulus of blood loss. Moreover, it may safely be said that in the majority of cases the hyperplasia is not confined to the erythroblastic tissue alone, but includes the leucoblastic and thromboblastic as well-Accordingly, not only will the red cell count go up, but an increase of circulating platelets will occur and hence the bleeding will cease.
In other cases, in spite of a profound anaemia from blood The blood picture may be normal or may reveal a slight secondary anaemia. After many years the degree of anaemia slowly increases, but never assumes any characteristic form.
In a few cases a marked eosinophilia occurs. There is a very acute type of the disease, ending fatally within a few months, Xvith a remarkable blood picture, which has not been reported ]n the literature so far as I am aware.
In the monograph on pernicious anaemia by Professor Gulland and myself (1930), a short account of this type is referred to in the chapter on differential diagnosis.
A paper on several cases will, in addition, be published in the near future. The essential features of the blood condition are:?
(1) Very severe oligocythemia of 1 million red cells or less.
(2) Colour index which is actually or relatively high.
(3) No increased fragility of the corpuscles to hypotonic saline.
(4) A reticulocyte <* percentage count of from 10 to 60 per cent, for weeks or months on end, with no increase in the total red cell count.
The vitally stained picture, therefore, is similar in many Ways to that of acholuric jaundice. The differential diagnosis between the two conditions depends on the colour index, the ragility test, and the oligocythemia, the latter being far severer in this type of Hodgkin's disease than in most cases . acholuric jaundice. The high reticulocyte count with 110 Urease in the blood count clearly indicates the combination excessive destruction and a compensating formation of cells in the bone marrow.
The cause of this anaemia ls therefore quite different from that occurring in pernicious an^mia, in which a very similar red cell picture is present.
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The prognosis in such cases is hopeless. The great value of vital staining methods is well demonstrated in this rare disease, since the information regarding the diagnosis and prognosis is largely dependent on a study of the circulating reticulocytes from day to day.
Malaria.?The writer has had little experience of tropical diseases, but some interesting observations were made on a case of general paralysis of the insane undergoing malarial therapy.
The patient had practically no anaemia and the reticulocyte percentage count was about normal, i.e. slightly under I per cent.
Films stained by Leishman's method showed the presence of large numbers of parasites. Vitally stained preparations revealed two interesting facts. Firstly, the parasites stained well with brilliant cresyl blue and could be distinguished clearly within the red cells which were floating about in the plasma. Secondly, the parasites did not particularly select youthful erythrocytes for attack, since, in this case, although parasites were far more numerous than reticulocytes, in no reticulated cell was a parasite found. Lieut.-Colonel Greig, lecturer in tropical diseases at the University of Edinburgh, with whom I discussed this finding, tells me that he has noticed, in malarial patients with severe anaemia, that many polychromatic erythrocytes can be seen which are free from the parasite. Blood Transfusion.?The effect of blood transfusion as a bone-marrow stimulant in conditions of anceviia is clearly shown by the subsequent increased reticulocyte count. Whereas cases of pernicious anaemia on liver therapy alone seldom have a reticulocyte crisis much higher than 20 per cent., Professor Gulland and I have described three consecutive cases on ft combination of transfusion and liver with counts between 37 and 52 per cent. It is of interest, therefore, to remind the reader of the experimental work of Robertson, in which he showed the effects of repeated transfusions on normal rabbits. If the marrow is relieved of its proper duty of making red cells by repeated transfusion of blood, it becomes relatively impotent and the animal in time becomes anaemic. Broadly speaking, blood transfusion should be carried out on any patient whose circulating erythrocytes have fallen to 400 Vital Staining Methods a dangerously low level. It is also of value in cases which, although in no immediate danger, are nevertheless severely anaemic, in spite of thoroughly efficient anti-anaemic treatment. In this latter category must be placed the aplastic type of pernicious anaemia. The stimulant effect of a combination of blood transfusion and liver therapy may produce dramatic effects.
Even if no aplasia is present but the patient is extremely ill, blood transfusion should be given to tide the Patient over the time which must elapse before liver therapy can act.
It is far from easy to define in a few words what the factors are which should determine if transfusion is or is not necessary Briefly put they are :?
(1) The clinical state of the patient at the time.
(2) The blood count and blood picture.
Space does not permit of discussion of (1), but a few words With regard to (2) are desirable.
The blood count per se does not necessarily determine whether transfusion should be given. I have seen cases of Pernicious anaemia with counts as low as half a million red cells respond to liver therapy alone, while other cases with counts of a million or more required immediate transfusion. It goes Without saying that, in most cases, the lower the count the more ^kelihood is there of transfusion being required. What, then, is most essential feature in the blood picture in every case, J^? matter what the cause, which determines the giving of tood. Undoubtedly it is the degree of response of the bone Harrow to the urgent call for fresh corpuscles. Evidences of regeneration are the all-important criterion on which an opinion ^ust be based. I have repeatedly stressed the point that by ar the most important sign of bone-marrow activity is the Reticulocyte, and it is on the degree of reticulocytosis present nat we must rely. Let us take as an example the question of Passive blood loss occurring in an accident. If the clinical Edition of the patient is extremely bad, blood transfusion may have to be given at once. In most cases intravenous Ejection of saline will suffice temporarily. A vitally stained Reparation should be made and a reticulocyte count done.
.n 24 hours the count must be repeated, and if a definite grease be found, all will be well in a few days. If, however, nical examination reveals the fact that the patient is still in a VOl-XXXVII. NO. VII. 40I 2D L. state of shock, while the blood examination fails to show any reticulocyte increase, transfusion should be proceeded with at once. As already stated, the underlying principle is the same in all anaemic states, namely the number of circulating reticulocytes.
It is a perfectly useless procedure to waste blood if a reasonable number are seen in the blood, since their presence is a definite indication of bone-marrow response. They indicate the beginning of a remission which may be natural in cases of acute haemorrhagic anaemia or artificial, e.g. the result of liver therapy, in chronic secondary anaemia or pernicious anaemia. A day or two must elapse after the reticulocyte count starts to rise before a definite increase in the total number of cells takes place and the clinical improvement in the patient is apparent. During the intervening period the nervous physician, lacking the comforting knowledge derived from vital staining methods, has frequently in the past?and almost certainly will again in the future?ordered a i quite unnecessary blood transfusion to be made. In conclusion, let me state my objective in writing this paper. The technique of vital staining is extremely simple and can be mastered by anyone in a few minutes, while the information derived from the method is of the greatest value. It is not too much to ask, therefore, that vital staining should become a routine clinical procedure in the examination of every case of anaemia in the hands of a physician, surgeon or obstetrician.
